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Condensation: Lactobacillus iners-dominant vaginal microbiomes are more likely taboa
vaginalCandida thanLactobacillus crispatus-dominant vaginal microbiomes.

Short Title: Candida and the vaginal microbiome

AJOG at a Glance:

A. The purpose of the study was to characterize th&orship between the composition of
the vaginal microbiome ardandida colonization among non-pregnant women.

B. Women withLactobacillus iners-dominant microbiomes were more likely to harbor
Candida than women withLactobacillus crispatus-dominant microbiomesn vitro data
suggests higher production of lactic acidUagtobacillus crispatus compared to
Lactobacillusiners may contribute to differential anGandida activity. Neutralization of
pH eliminated the antGandida activity secreted by lactobacilli.

C. Consideration o€andida as part of the vaginal microbiome may have utfioy

understanding different relationships between \agimcrobiome and adverse outcomes.
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Background: The composition of bacteria within the vaginal ml@ome has garnered a lot of
recent attention and has been associated withdeptive health and disease. Despite the
common occurrence of yeast (prima@gndida) within the vaginal microbiome, there is still an
incomplete picture of relationships between yeadtlzacteria (especially lactobacilli), as well as
how such associations are governed. Such relafsbuld be important to a more holistic
understanding of the vaginal microbiome and itsnemtion to reproductive health.

Objective: To perform molecular characterization of clinicaésimens to define associations
between vaginal bacteria (especidlpctobacillus species) an@andida colonization.n vitro
studies were conducted to test the two most conoaninant_actobacillus species
(Lactobacillus crispatus andLactobacillus iners) in their ability to inhibitCandida growth and to
examine the basis for such inhibition.

Study Design: A nested cross-sectional study of reproductivevag@men from the
Contraceptive CHOICE Project was conducted. Vagmalbs from 299 women were selected
to balance race and BV status, resulting in sinméaresentation of black and white women in
each of the three Nugent score categories [nordr3),(intermediate (4-6), and bacterial
vaginosis (7-10)]. Sequencing of the 16S ribosogeale (V4 region) was used to determine the
dominantLactobacillus species present (primarily iners andL. crispatus), defined as >50% of
the community. Subjects without dominance by alsihgctobacillus species were classified as
Diverse. ACandida-specific gPCR targeting the internally transcrilspdcer 1 (ITS1) was
validated using vaginal samples collected fromasé cohort of women and used to assess
Candida colonization. 255 nonpregnant women with suffitieacterial biomass for analysis
were included in the final analysis. Generalizeedr models were employed to evaluate
associations betwedrmactobacillus dominance, sociodemographic and risk charactesiaimnd
Word Count

Abstract: 471
Main Text: 3000



vaginalCandida colonization. In separata vitro studies, the potential of cell-free supernatants
from L. crispatus andL. iners cultures to inhibitCandida growth was evaluated.

Results: Forty-two women (16%) were vaginally colonizediw@andida. Microbiomes
characterized as Diverse (38%),ners-dominant (39%), and. crispatus-dominant (20%) were
the most common. The microbiome, race @addida colonization co-varied with a higher
prevalence o€andida among black women ard iners-dominant communities compared to
white women and.. crispatus-dominant communitied.. iners-dominant communities were
more likely to harboandida thanL. crispatus-dominant communities (OR = 2.85, 95% CI.
1.03 to 7.21; Fisher's Exact, p = 0.04B)vitro, L. crispatus produced greater concentrations of
lactic acid and exhibited significantly more pH-dagent growth inhibition of. albicans,
suggesting a potential mechanism for the clinitesleovations.

Conclusion: In nonpregnant womeih, iners-dominant communities were significantly more
likely to harborCandida thanL. crispatus-dominant communities, suggesting thattobacillus
species have different relationships withndida. In vitro experiments indicate that crispatus
may impedeCandida colonization more effectively thdn iners through a greater production of

lactic acid.

Key Words: vaginal microbiomeCandida, Lactobacillus, race, pH
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Introduction

The human vagina is a dynamic ecosystem that nastebes from diverse taxa. Profiling 16S
ribosomal gene diversity has expanded our undetstgrof the vaginal microbiome, allowing
exploration of links between bacterial compositaod reproductive outcomes. Vaginal
microbial communities can be clustered into fivenoaon community typeSFour of these are
dominated by a singleactobacillus speciesL. crispatus, L. gasseri, L. iners, orL. jensenii. The
final community type (often described as “Diverskds few lactobacilli and exhibits greater
representation of anaerobic bacteria sucBasinerella vaginalis, Atopobium vaginae and
Prevotella spp.* The prevalence of these community types variels mite and ethnicity; black
and Hispanic women more frequently hbsiners-dominant and Diverse communities than
white women, who more frequently hastcrispatus-dominant communities? Diverse
communities often harbor bacterial taxa that arendnt during bacterial vaginosis (BV), a
condition diagnosed by clinical (Amsel) criteriatyr Nugent scoring,a 0-10 scale generated by
scoring bacterial morphotypes in Gram-stained va@gmears (0-3, normal; 4-6, intermediate;
7-10, BV). BV is associated with increased risks@fually transmitted infections and adverse

reproductive outcomés.

Candida (most commonlC. albicans) is a common member of the vaginal microbiomergtbu
in ~30% of womer). The prevalence of noalbicans species among women with vaginal
Candida varies, ranging from ~10-308%.VaginalCandida colonization may lead to
vulvovaginal candidiasis (VVC), characterized byaggressive host responsedandida

overgrowth*® However,Candida colonization is frequently asymptomatic and notwalmen
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colonized withCandida go on to experience VVEVaginalCandida colonization has also been

linked to other adverse reproductive outcofes?®

Several prior studies have examined relationshébwéden vaginal bacteria a@@ndida. A few

of these studies implicate an abundance of lactthbaith a greater likelihood of harboring
Candida.>®*’ Other studies suggest there may be co-occurreénanolida with some BV-
associated bactertd?* and specifically thaEandida may be correlated with the simultaneous
presence of both lactobacilli and BV-associateddsac™®** An important limitation is that prior
studies, whether using molecular or culture-baselrtiques, have not distinguished between
lactobacilli at the species level. This is a sigaifit limitation, which if resolved, may shed light

on why some women are so proné€endida colonization and candidiasis.

Taken together with the prior studies above, séwvenmsiderations led us to hypothesize that
inersin particular may support the co-occurrenc€andida, especially compared to L.

crigpatus. L. inersis unique among the lactobacilli in being prevaleithin less stable Nugent
intermediate and BV communitie€**and in producing a cytolytic toxft:?> Furthermorel_.
inersdominance has been associated with other negagaléhroutcomes such as increased risks
of Chlamydia trachomatis infection?® incident BV?’ defects in vaginal mucus that compromise
antiviral barrier functiorf® and cytokine signatures linked with HIV ri§kWe performed two
types of studies to test our hypothesis thahers may preferentially suppo@andida

colonization 1) a molecular evaluation of clinisplecimens, and 2) vitro growth inhibition

studies.
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M ethods

Study design:

This nested cross-sectional study uses sampleguastionnaire data collected by the
Contraceptive CHOICE Project (CHOICEaccording to Washington University IRB-approved
protocol 201108155. In total, 9256 women from the Buis-area gave informed consent from
August 2007 through September 2011. For this nestety, 299 women enrolled from 08/2008-
06/2009 were selected based on power calculati@uke fiom preliminary data. Women
enrolled in the CHOICE study were between the afd< and 45, reported sexual activity in
the past six months or anticipated sexual actiwith a male partner and were seeking
contraception. Women with a history of tubal ligatior hysterectomy were excluded. All
women underwent a pregnancy test. Vaginal swakbmepes were self-collected in the vast
majority of cases , then stored at -80ntil analysis. Of the swabs used in the final\gsig, one

was collected by a clinician and the collection moet was missing for five samples.

Women who completed a baseline survey (includingjd@®mographic data) and had a vaginal
swab available were eligible for inclusion. Samgtes all participants underwent Nugent
scoring to determine BV stati€*?Unfortunately, vaginal pH and data regarding nresmst
cycle and recent sexual activity was only availdbtea subset of women and were inadequate
for analysis. Overall, the distribution of self-cefed race/ethnicity of women in the CHOICE
study were representative of the St. Louis rediew,women reported a race other than “black

or African-American” (hereafter referred to as ‘@8 or “white.” Due to small numbers of
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other groups, only women who reported “black” ohfte” race were eligible for inclusion in

this sub-study.

Composition of the vaginal microbiota has been joesly associated with racelo test
whetherCandida was associated with vaginal niches occupied biyqoderr bacterial

communities, we sought a strategy to avoid inadegugresentation of less common
community types in the different demographic grospshat we would be powered to ask
whetherCandida is associated with particular microbial patteMV& used frequency matching

to similarly represent black and white women inreatthe three Nugent categories. We used a
normal:intermediate:BV ratio of 2:2:1 to ensurettlva had samples represented across the
Nugent spectrum, while balancing the practicalite#hat relatively few BV specimens were
available from white women. Of the 299 subjectedeld, 35 were pregnant at the time of swab
collection and excluded from final analysis. Adalitally, 9 specimens were excluded due to low

bacterial biomass. See Supplemental Methods.

Microbiome analysis and Candida colonization status:

DNA was extracted from eluted vaginal swabs andrii&omal profiling of the V4
hypervariable region was performed as describédarSupplemental Methods. The microbiome
was classified based on the dominattobacillus species present, defined as 50% relative
abundance or greater and referred to lasgrispatus-, L. iners-, L. gasseri-, orL. jensenii-
dominant” microbiomes. Communities without a singéetobacillus species reaching 50%

were referred to as Diverse communities. A amdida qRT-PCR? that amplifies the

internally transcribed spacer 1 (ITS1) was usedetermineCandida colonization status using
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isolated DNA as template. Prior to analysis wedatéd this assay among vaginal specimens
collected from a second cohort of women enrolleal different site. See Supplemental Methods

for details.

Candida growth inhibition:

Candida strains were grown in yeast extract-peptone-degt(@®D) mediaC. albicans strain
SC5314 was obtained from the American Type Cul@olection. Vaginal strains dtandida

(C. albicans: BAT8133, BAT8135, BAT8143, BAT8152, BAT8154, BA333A,; C. glabrata:
BAT8139, BAT3353B) were isolated from women as désd in the Supplemental Methodis.
crigpatus (MV-1A-US, JV-V01, MV-3A-US, 125-2-CHN) and. iners (UP 1l 143-D, Lactin
VO9V1-C, LEAF 2032-Ad, LEAF 3008-A) strains weretaimed from BEI resources and
cultured in De Man, Rogosa and Sharpe (MRS) mextid8 hours to make cell free
supernatants (CFSAII Candida growth inhibition experiments were conducted inrvés|

plates. Each well contained a 1:1 ratio of CFSR® inoculated with ~1DC. albicans colony-
forming units (CFU)/mL. YPD was buffered with 300vhsodium bicarbonate and 300 mM
HEPES sodium salt for neutralization assays. Fadidacid growth inhibition assays, fresh MRS
was supplemented with racemic lactic acid. A mbelectrode was used to measure pH of
each mixture and lactate was measured with a coétric assay. Protonated lactic acid
concentrations were calculated using lactate ntglarid pH using the Henderson-Hasselbalch
equation (pKa = 3.9). See Supplemental Methodsfe details aboufandida growth

inhibition experiments.

Statistical analysis:
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Statistical analyses and data representation veenleted in R (v3.5.1) and Prism (v7). Fisher’'s
Exact Tests (Fisher) were used to assess for asisms between cohort characteristics and race,
with odds ratios (OR) determined by a conditionakimum likelihood estimate. Unless
otherwise noted, we used an extension of the girestdinear model (GLM) method that
included race as a potentially confounding covariattest for associations between cohort
characteristics an@andida colonization status, using the exponent of théfmdent from the
logistic regression to calculate ORs. Note thatibheeCandida colonization incidence is >10%
the odds ratios may not be an accurate approximafithe relative risk; se¥ for conversion
between the two.

We used type-Il analysis of variance (ANOVA-II) tvitvald test and Tukey’s Honestly
Significant Different Test (Tukey) to evaluate sfgrance in these models. In instances where
multiple statistical tests were performed, we elbe GLM accounting for race. Mann-Whitney
tests were used to test for associations @#hdida abundance and effect size (r) was calculated
from the Z value. Statistical tests forvitro experiments included one-way ANOVA with
Tukey’s correction for multiple comparisons and Maihitney tests as appropriate. Regardless

of the statistical method used, P-values < 0.0®wensidered significant.

Results

Description of the clinical cohort:

Two-hundred fifty-five non-pregnant women of repuctive age were included in our analysis.
In this cohort, 53% of women identified as “whitaid 47% identified as “black”. Forty-four
(17%) women had BV, while 109 (43%) and 102 (40%dJ mtermediate and normal vaginal
flora respectively. About half of the women (54%ported using public assistance or having
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trouble meeting daily needs and were classifieldsatng low socioeconomic status. Body mass
index (BMI) was calculated and categorized usimagdard methods and definitions. Most
women (64.3%) reported at least one prior pregnaBeyenty-two women (28.2%) reported
vaginal douching in the last 180 days. Race wasdda be associated with socioeconomic
status (p < 0.0001), BMI (p = 0.003), gravidity<®.0001) and vaginal douching (p < 0.0001).
A summary of demographic data and cohort charatiesiby race is presented in Supplemental

Table 1.

Forty-two (16%) women were vaginally colonized witAndida. Of these, most (90%) were
colonized byC. albicans. C. glabrata was less common (~10%). Sequencing of the vaginal
microbiome revealed that fifty-two women (20%) hadrispatus-dominantmicrobiomes, 99
(39%) hadL. iners-dominant microbiomes and 98 (38%) had microbiothaswere not
dominated by a singlieactobacillus species (Diverse). We were not powered to test association
betweenCandida and microbiomes dominated hgctobacillus jensenii or gasseri since few
women (n=6) exhibited these microbiomes. Black wonvere more likely than white women to
haveL. iners-dominant communities (46.7% vs 31.9% Fisher's Exa® = 1.87, 95% CI: 1.10
to 3.14, p = 0.020) and less likely to hdverispatus-dominant communities (11.9% vs. 22.1%

Fisher's Exact; OR = 0.380, 95% CI: 0.185 to 0.74#%, 0.003).

Associations between Candida and cohort characteristics:

Forty-two (16%) women were vaginally colonized witAndida. Of these, most (90%) were
colonized byC. albicans. C. glabrata colonization was less common (~10%). Table 1 costai
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summary ofCandida status by sociodemographic and other cohort ctarsiics. Only race was
significantly correlated with vagin&andida; black women were more likely to be colonized
compared to white women (OR =2.05, 95% CI: 1.08.85, Fisher’s Exact, p = 0.042). Based
on these findings, race was considered to be afpateonfounder and incorporated into
subsequent analyses using generalized linear m{@el) to evaluate factors associated with

Candida colonization.

Associations between Candida and cohort characteristics

Candida colonization rates did not differ based on Nugesfireed BV status (GLM; ANOVA-II,

p = 0.897). We did not find any association betwa@obman’s socioeconomic status and
vaginalCandida colonization.Candida colonization did not differ significantly among
underweight (20%andida), normal weight (18%) and overweight (23%) womdawever,
obese women were less likely to be colonized coaetptiyr non-obese women (GLM; OR =
0.322, 95% CI: 0.123 to 0.744; Tukey’'s HSD, p =13,0see Supplement for comment). Women
reporting current use of hormonal contraceptivegaioing estrogen and progestin were
Candida-colonized at higher rates than women reportingmamonal methods, although this
did not reach statistical significance (GLM; OR 1, 95% CI: 0.858 to 3.58; Tukey’'s HSD, p
= 0.237, see Supplement for details). Women whorted vaginal douching in the last 180 days
were less likely to b€andida positive compared to women who reported no vagioaching

(GLM: OR = 0.364, 95% CI: 0.143 to 0.838; Tukey'SBi, p = 0.047).

Relationships between Candida colonization and the vaginal microbiome:
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Next, we investigated relationships betw&samdida colonization and dominant members of the
vaginal microbiome based on 16S ribosomal genelimgpf Candida prevalence did not differ
betweenr_actobacillus dominated (50% or greatkactobacillus) and nonkactobacillus

dominated microbiomes (GLM; ANOVA-II, p = 0.327RQlthough the absolute abundance of
Candida as measured by gPCR did not differ withinners-dominant communities compared to
other community types (Mann-Whitney, r = 0.046, p.617),L. iners-dominant communities
were more likely to harbdCandida than nonk. iners-dominant communities (GLM; OR = 2.00,
95% CI: 1.02 to 3.98; Tukey’'s HSD, p = 0.045; sepptemental Table 2). Further analysis
specifically showed thdt. inerss<dominant communities were more likely to be catewi tharl..
crigpatus-dominant communities (OR = 2.85, 95% CI: 1.03 .@il7 Fisher’s Exact, p = 0.048).
AmongCandida positive women, higher levels @andida (by gRT-PCR) were observed among
black women compared to white women, although tadissically significant (Mann-Whitney

test, r=0.173, p = 0.131).

In vitro studies: inhibition of Candida growth by lactobacilli:

Both L. crispatus and lactic acid have been shown to thwart the dr@f€. albicans.**’ Next,
we compared the inhibitory potential lofcrispatus andL. iners on Candida growthin vitro. C.
albicans was cultured together with cell free supernaté@isS) fromL. crispatus andL. iners (8
strains total), followed bZandida CFU enumerationrCompared td.. iners CFS L. crispatus

CFS resulted in lower pH (pH = 4.0 vs. pH = 4.6 @.0001) and correspondingly higher levels
of protonated lactic acid in CFS-YPD (55 mM vs.ril, p < 0.0001) (Figure 2). Buffering
CFS-YPD to a neutral pH reduced levels of protahédetic acid to below appreciable levels,
ablatedCandida growth inhibition, and eliminated the differenced. albicans growth observed
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betweerl. crispatus andL. iners (Figure 2). Further, lactic acid was sufficienirbibit
Candida growth. In particular, significantly more growthhibition was observed at 49 mM
protonated lactic acid compared to 11 mM, levelmgarable to thé. crispatus andL. iners
CFS-YPD respectively. Similar findings were seeimgsaginal isolates ofC. albicans. In
contrastC. glabrata exhibited only modest growth inhibition (Figure Zpgether, these data
suggest that lactic acid is both necessary anecgrft for growth inhibition ofC. albicansin

vitro.

Comment

Principal Findings: We demonstrate th&andida colonization is associated with characteristics
of the vaginal microbiome (dominancelofiners compared td.. crispatus). Results in clinical
specimens are consistent withvitro data, which show that crispatus produces a pH-
dependent factor that inhibi& albicans growth more effectively compared to secreted facto

of L. iners grown under the same conditions.

Results: As a relatively common vaginal microbial communitgmberCandida may influence
reproductive health. Previous studies suggestemaigactobacillus colonization as a risk

factor forCandida colonization or VVC*"but seem inconsistent with other reports of
Candida-bacteria associatiort&?* Here we provide more taxonomic resolution, showiiray

that not allLactobacillus-dominant communities are equally associated ®ahdida

colonization.

Clinical Implications: Clinicians often group all lactobacilli togeth@&his study adds to the
growing body of evidence suggesting thainers-dominant communities are more permissive to
vaginal colonization with potential pathogens, irtthg Candida.
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Resear ch I mplications: Of interest, black race was associated with opesitl vaginal
douching as in prior studies. But surprisingly, tioerelation betwee@andida and black race
cannot be accounted for by obesity or douching imeabese women and those who douche
were actuallyess likely to be colonized witlCandida (OR = 0.322 and 0.364 respectively). The
literature contains inconsistent reports regardnggrole ofLactobacillus colonization as a risk
factor forCandida colonization or VVC°1"182\ye show that that not dllactobacillus-
dominant communities are equally associated @ahdida. In vitro data provide one possible
explanation, showing that iners strains do not produce the same magnitude otlacid
compared td.. crispatus strains. An alternative, albeit not mutually exstlie explanation, is that
vaginalCandida colonization may shift the microbiome to favoriners.

Interestingly, we observed similar rateGaindida colonization inL. crispatus-dominant and
Diverse communities. With fewer lactic acid prodwugbacteria present, the vaginal pH of
women with Diverse microbiome is less acitlithese findings indicate that Diverse
communities resigtandida by lactic acid-independent mechanisms.

Additional studies are needed to evaluate potemt&dhanisms governing these relationships
and apply these findings in clinical settings.

Strengths and Limitations: Key strengths of our study design were the vabaadf aCandida-
specificqPCR assay for laboratory testing fo€andida colonization, offering flexibility in
settings where archived frozen vaginal swabs ame m@ctical. We acknowledge that the
specimens selected for this study are not a naticalepresentation of vaginal microbiomes.
Rather, the frequency matching of black and whibenen across the Nugent spectrum is a
strength that enabled power to test associatiotvgdle® yeast and bacteria in different racial
groups. Limitations include: 1) the sample size anchber ofCandida-positive women were
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relatively small, limiting power to model multippotential confounders, 2) this cohort may not
be representative of the U.S. population, 3) clihdata were not available to examine the
relationship betwee@andida colonization and VVC, and 4) oun vitro findings may not be
representative ah vivo relationships.

Conclusion: These data suggest thatners-dominant vaginal communities may support the co-

occurrence o€andida.
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Table 1: Characteristics of subjectswith vaginal Candida compared with those without

vaginal Candida.

Total Candida
Characteristics Cohort |Candida Positive  Negative P-value
Total Number of Subjects 255 42 (16.5) 213 (83.5)
Age 0.811
<20 28 (11.0) 6 (14.3) 22 (10.3)
201029178 (69.8)) 29 (69.0) 149 (70.0)
30 to 39 44 (17.3) 7 (16.7) 37 (17.4)
404 5(2.0) 0 (0.0) 5 (2.3)
Race 0.042
Black 120 (47.1)] 26 (61.9) 94 (44.1)
White 135 (52.9)] 16 (38.1) 119 (55.9)
Nugent-defined Vaginal Flora 0.833
Normal 102 (40.0) 15 (35.7) 87 (40.8)
Intermediate109 (42.7) 19 (45.2) 90 (42.3)
BV| 44 (17.3) 8 (19.0) 36 (16.9)
Socioeconomic Status (SES) 1
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Low SES 138 (54.1)] 23 (54.8) 115 (54.0)
Not Low SE$117 (45.9) 19 (45.2) 98 (46.0)
Body Mass Index (kg/m2) 0.127
Underweight (< 18.5) 15 (5.9) 3(7.1) 12 (5.6)
Normal Weight (18.5 - 24.9103 (40.4)| 19 (45.2) 84 (39.4)
Overweight (25 - 30) 48 (18.8) 11 (26.2) 37 (17.4)
Obese (> 30) 78 (30.6) 7 (16.7) 71 (33.3)
Not Documented 11 (4.3) 2(4.8) 9 (4.2)
Current Birth Control Method 0.320
Estrogen + Progesfin 72 (28.2) 16 (38.1) 56 (26.3)
Progestifi 12 (4.7) 1(2.4) 11 (5.2)
Non-Hormondl 171 (67.1)] 25 (59.5) 146 (68.5)
Vaginal Douching in Last 180
Days 0.323
Yeq 72 (28.2) 8 (19.0) 64 (30.0)
No| 182 (71.4)] 34 (81.0) 148 (69.5)
Don't Know 1 (0.4) 0 (0.0) 1(0.5)
Gravidity 0.160
Nond 91 (35.7) 15 (35.7) 76 (35.7)
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1| 58 (22.7) 6 (14.3) 52 (24.4)
2| 47 (18.4) 6 (14.3) 41 (19.2)
3+ 59 (23.1) 15 (35.7) 44 (20.7)
Community Type 0.113
L. crispatus-dominant 52 (20.4) 5(11.9) 47 (22.1)
L. inerssdominant 99 (38.8) 23 (54.8) 76 (35.7)
L. jensenii-dominant 3 (1.2) 1(2.4) 2 (0.9)
L. gasseri-dominant 3 (1.2) 0 (0.0) 3(1.4)
Diverse 98 (38.4) 13 (31.0) 85 (39.9)

Values are n (%). Fisher's Exact Tests were uselktermine p-values for each set of variables

without adjusting for race. Note that p-values giuethe text use GLM (accounting for race as a

potential confounder).

%Women who reported the oral contraceptive pillhar birth control ring;

PWomen who reported tHevonorgestrel-containing intrauterine device or

depot medroxyprogesterone acetate;

“‘Women who reported condoms, rhythm/natural famiigyping, abstinence, withdrawal or

nothing.
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Figure 1: Heatmap of all samplesin the cohort clustered by community type.

Heat map of samples clustered by community typevsigthe top 25 taxa observed across the
cohort. The bars above the heatmap indicate comyniypie, BV status by Nugent score, race
andCandida status. In the heat mdpght blue indicates the highest abundandarker blues
indicate lower abundance ahlidck indicates very low abundance or not present. Btack (p =
0.037) and.. iners-dominant communities (p = 0.045) were associatéd @andida

colonization.

Figure 2: In vitro inhibition of Candida by Lactobacillus CFS and lactic acid.

A-B, Characterization a€andida growth medium supplemented withctobacillus CFS (YPD-
CFS) in native and buffered states from fhucrispatus and fourL. iners strains, prior to
Candida inoculation.A, pH of YPD-CFSB, Concentration of protonated lactic acid in YPD-
CFS;C, Growth inhibition ofCandida laboratory strain SC5314, showing three technical
replicates for eachactobacillus YPD-CFS. Analysis by one-way ANOVA with Tukey’s
correction for multiple comparison®-F, Characterization of the inhibitory effect of lacacid
supplemented medium &@andida growth. Three technical replicates from two bidbad)
experiments are showb, Growth inhibition of SC5314 by lactic acid shogiMann-Whitney
test comparison of 11 mM to 49 mM protonated laaticl; E, Lactic acid growth inhibition of 6
vaginalC. albicans isolates§, Lactic acid growth inhibition of 2 vagin@l. glabrata isolates.
Data points in panel D reflect 6 replicates frono @xperiments for each condition. Error bars in

E-F show the standard deviation from the meanraktiheplicates for each isolate. Approximate

Word Count
Abstract: 471
Main Text: 3000



28

starting inoculum for growth assays is indicatedalilashed line. Statistical significance: ns (not

significant), *p < 0.05, **p < 0.01, ***p < 0.005**p < 0.0001.
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Supplemental Methods

Coding Survey Data: Data pertaining to age, socioeconomic status (SES), body mass index
(BMI), current birth control method, vaginal douching and gravidity were extracted from survey
response data and categorized. Age in years was converted to the following categorical variable:
less than 20, 20 to 29, 30 to 39, and 40 or more. Low socioeconomic status (Low SES) was
defined as reporting any current receipt of public assistance (food stamps; Special Supplemental

Nutrition Program for Women, Infants and Children; welfare; or unemployment) or trouble

paying for necessities (transportation, housing, health or medical care, or food). BMI (kg/mz2)



was converted to categorical variables as follows: underweight (< 18.5), normal weight (18.5 to
24.9), overweight (25-30) and obese (>30). Current birth control method was categorized into
one of three categories: hormonal contraceptives containing a combination of estrogen and
progestin (Estrogen + Progestin), hormonal contraceptives containing progestin alone
(Progestin), or non-hormonal contraceptive methods (Non-hormonal).

Responses indicating the use of oral contraceptive pills or birth control ring were grouped as
“Estrogen + Progestin”. Responses indicating the use of a levonorgestrel containing intrauterine
device or depot medroxyprogesterone acetate were grouped as ‘“Progestin”. Responses indicating
the use of condoms, rhythm/natural family planning method, abstinence, withdrawal or nothing
were classified as “Non-hormonal”. The number of times a patient reported vaginal douching in
the past 180 days was converted to a categorical variable: “yes” if the number was 1 or more,
“no” if it was 0 and “don’t know” if the patient reported not knowing. Gravidity was converted

to a categorical variable with “3+” designating a response of 3 or more.

Vaginal Swab Processing and Controls:

Frozen vaginal swabs (CHOICE study) were arrayed in deep well 96 well plates (Eppendorf,
Hauppauge, NY) in 1 mL of 0.1 M sodium acetate buffer (pH 5.5). To minimize cross-
contamination during swab elution, each 96 well plate of swabs was arrayed on two plates in a
checkerboard fashion, such that empty wells were present between samples. Swabs were
incubated for one hour on ice and agitated every 20 minutes manually. Swabs were removed, and
the two plates merged by transferring suspensions into a single deep well 96 well plate. The plate
was then centrifuged at 32,000 x g at 4°C for 20 minutes and the supernatants removed from the

samples. The pelleted material was resuspended in 250 microliters of a buffer containing 200



mM Tris-HCI (pH 8.0), 200 mM NaCl and 20 mM EDTA and then transferred to a 2 mL
screwcap tube (Axygen, Oneonta, NY) containing 250 pL of (0.1 mm) zirconia/silica beads and
105 pL of 20% SDS. 250 pL of a solution of phenol:chloroform:isoamyl alcohol (25:24:1)
saturated with 10 mM Tris (pH 8.0) and 1mM EDTA (Sigma-Aldrich, St. Louis, MO) was
added. Samples were lysed by mechanical disruption with a bead beater (Biospec Products,
Bartelsville, OK) for 3 minutes at room temperature before being centrifuged at 32,000 x g at
4°C for 5 minutes. DNA was cleaned and concentrated from the aqueous layer using a QlAquick
96-well PCR Purification Kit (Qiagen, Germantown, MD) with some modifications to the
manufacturer instructions. The extraction process was automated with an EPMotion that
performed all pipetting steps. The binding buffer was modified by supplementing 500 mL of
Buffer PM with 33.3 mL of 3M sodium acetate (pH 5.5). DNA was eluted from the columns
with 50 uL of water into 96-well PCR plates (Phenix Research Products, Candler, NC). Each 96-
well plate of samples contained the following reagent controls: eight wells of sodium acetate-
eluted sterile swabs and eight wells of sodium acetate buffer used for swab elution. DNA was
normalized to 5 ng/uL and all samples diluted 1:5 after normalization to dilute PCR inhibitors.
All PCR plates were sealed with Biomek aluminum foil seals (Becker Coulter, Brea, CA). To
avoid cross-contamination, plates were centrifuged at 32,000 x g prior to removal of the seal and
resealed after each use. Also, caution was exercised when using a multichannel pipettor to mix
samples, microscale splashes and aerosol that could cause cross-contamination were avoided by

gentle pipetting and expelling material only to the soft stop.

16S Sequencing:



The V4 hypervariable region was PCR amplified by adding 6.4 uL. normalized genomic DNA
(dilution process described above) to a PCR master mix containing primers with integrated
barcodes for multiplexing as previously described.ss PCR product was then quantified with a
Quant-iT dsDNA Assay (Invitrogen, Carlsbad, CA) and pooled into quartiles based on
abundance prior to size selection by AMPure XP magnetic beads (Beckman Coulter, Pasadena,
CA). Each purified quartile was then quantified and pooled into a library for 2 x 250 paired-end
sequencing on an Illumina MiSeq platform through the Center for Genome Science at

Washington University in St. Louis.

Microbiome Analysis:

Reads were trimmed to a length of 200 base pairs and mate-pairs merged with a minimum
overlap of 18 bases. All analysis with Qiime software was completed with version 1.9.0. Reads
were demultiplexed and OTUs clustered as previously described.ss Taxonomy was assigned to
OTUs using RDP 2.4 trained on a custom database as previously described.ss Taxa were
assigned with a confidence of 0.7 or greater. Because the V4 region among some common
vaginal Lactobacillus species (i.e. Lactobacillus crispatus) share high sequence similarity with
other Lactobacillus species that rarely colonize the vagina, a modified approach to classifying
Lactobacillus OTUs to the species level was completed. OTUs assigned to the genus
Lactobacillus were aligned to the NCBI 16S database using BLASTN. The top ranked species
returned with a sequence homology of 97% or greater was identified as the OTU species. If the
top BLASTNn hit was less than 97% identical, the OTU was not assigned to the species. Read data

was then rarefied so that each sample contained 1000 reads.



Inclusion Criteria for Analysis:

Low bacterial biomass samples are at increased risk of having endogenous signal masked by
contamination. To avoid the inclusion of low bacterial biomass samples, we used the abundance
of the V4 amplicon after 16s PCR as a proxy of bacterial biomass. V4 amplicon abundance was
quantified after 16s PCR and reagent control samples were used to determine the threshold for
inclusion. The maximum V4 amplicon concentration from all 64 reagent controls quantified was
chosen as the cutoff for inclusion in analysis (6.1 ng/uL). We removed 9 samples from analysis

due to low V4 amplicon abundance.

Candida gPCR Validation:

A separate cohort was needed to validate the gPCR assay (see below) we later used for determining
Candida colonization status. Women were recruited from the North Central Community Health
Center according to Washington University IRB-approved protocol number 201704121, Women
underwent a speculum exam by a clinician, during which mid-vaginal swabs were collected. Two
double-headed anaerobic swabs were collected and transported using the Starswab Anaerobic
Transport System (Starplex Scientific Inc, Cleveland, TN). Two standard aerobic Starplex double
headed rayon swabs (S09D, Starplex Scientific Inc, Cleveland, TN) were also collected. Anaerobic
swabs were transported to the laboratory for same day processing and aerobic swabs frozen at -
80°C. Anaerobic swabs were eluted in 2X NYCIII media, and “fresh frozen” (i.e. “0 passage,”
without growth or amplification of any kind) in the presence of sterile glycerol (20% final).
Aliquots of fresh frozen material were then stored at -80°C. Fresh frozen aliquots were thawed on
ice and centrifuged at 3,000 x g for 5 minutes. The media was removed, the pellet resuspended in

200 pL of YPD, and plated on CHROMagar Candida semi-selective plates (DRG, Springfield,



NJ). Plates were incubated for 48 hours aerobically at 37°C. Plates were then examined and
specimens were considered to be culture positive if Candida colonies distinguished by a distinctive
green color were observed. Specimens that were culture positive for Candida were considered to
be true positives and this information was used to determine the sensitivity and specificity of the
Candida (ITS1) gPCR assay described below (conducted on DNA that was isolated from the eluted

aerobic swab).

Determination of Candida Colonization Status:

A pan-Candida qPCRass designed to detect medically relevant Candida species in the presence of
human genomic DNA, was validated for use on DNA extracted from vaginal swabs as described
above. The primers 18S-1F (GCAAGTCATCAGCTTGCGTT) and 5.8S-1R
(TGCGTTCTTCATCGATGCGA) amplify the internally transcribed spacer 1 (ITS1). Power
SYBR Green PCR Master Mix (Applied Biosystems, Waltham, MA) was used for the g°PCR
reaction and each reaction contained 2 ng of genomic DNA as template. All reactions were run
in triplicate. CT values were converted to ng of Candida DNA based off a standard curve of
genomic DNA extracted from C. albicans strain SC5314. A sample was denoted as “Candida
Positive” if the mean of the replicates was one standard deviation greater than the reported
detection limit of 10 fg of Candida DNA. Candida DNA quantities were adjusted for initial
genomic DNA normalization to 5 ng/uL and used as a proxy for Candida abundance. Candida
species identification was confirmed by Sanger sequencing the ITS1 amplicon and BLASTIing

the sequence against the NCBI database.

Candida Strains:



The C. albicans strain SC5314 was obtained from the American Type Culture Collection in
Manassas, VA. Vaginal Candida strains that were used in the in vitro assays were isolated from
vaginal swab specimens originally collected from pregnant women as part of a different study, in
accordance with Washington University IRB-approved protocol number 201610121. Vaginal
swabs were rolled on CHROMagar Candida plates to isolate Candida colonies and species

identification was confirmed by sequencing.

Preparation of Lactobacillus Cell Free Supernatant (CFS):

Four strains of L. crispatus (MV-1A-US, JV-V01, MV-3A-US, 125-2-CHN) and four strains of
L. iners (UP Il 143-D, Lactin VO9V1-C, LEAF 2032-Ad, LEAF 3008-A) were cultured to make
CFS. Lactobacilli were grown in 10 mL of De Man, Rogosa and Sharpe (MRS) media (pH 6.5)
for 48 hours in 10 mL cell culture flasks (GBO, Monroe, NC) at 37°C in an anaerobic chamber
(Coy, Grass Lake, MI). Cultures were centrifuged at 3200 x g for 20 minutes at 4°C and the
supernatants filtered through a 0.22 um filter to remove residual bacteria. CFS was aliquoted in
microcentrifuge tubes and stored at -20°C. Our findings were reproduced with two different

batches of CFS from L. crispatus and L. iners.

CFS Growth Inhibition Assays:

All CFS growth inhibition experiments were conducted in 96-well microplates (GBO, Monroe,
NC). A mixture of 50 uL Lactobacillus CFS, 40 uL YPD, and 10 uL C. albicans suspension,
~106 colony-forming units (CFU)/mL, were added to each well. Unconditioned MRS media was
added instead of Lactobacillus CFS as a control. The plates were sealed with breathable seals

(Diversified Biotech, Dedham, MA) and incubated aerobically for 16 hours at 37°C with constant



shaking at 300 rpm. Suspensions were then plated for CFU on YPD agarose plates. For CFS
neutralization assay, YPD was buffered to by adding 300 mM sodium bicarbonate and 300 mM
HEPES resulting in a final pH of 8.6. Lactate concentrations of CFS supplemented YPD medium
were measured with a colorimetric assay adapted for microplate use (Megazyme, Chicago, IL).
A micro pH meter (5220-MIC, Mettler-Toledo, Columbus, OH) was used to determine the pH of
each mixture and the protonated lactic acid concentration calculated using lactate molarity and
pH using the Henderson-Hasselbalch equation (pKa = 3.9). Each growth inhibition experiment

was conducted in triplicate and repeated at least twice.

Lactic Acid Inhibition Assays:

MRS was supplemented with racemic lactic acid (Sigma-Aldrich, St. Louis, MO) at the
following final concentrations: 100 mM, 200 mM, 300 mM and 400 mM. A mixture of 50 pL
lactic acid supplemented MRS, 40 uL YPD, and 10 uL. Candida suspension (~107 CFU/mL)
were added to each well. Fresh non-conditioned MRS media was added instead of lactic acid
supplemented MRS as a control. Suspensions were then plated for CFU on YPD agarose plates.
Lactate concentrations and pH of lactic acid supplemented YPD medium were measured as
described above and used to determine the protonated lactic acid concentration. Each growth

experiment was conducted in triplicate and repeated at least twice.

Supplemental Comment

The effect of obesity on the composition of the vaginal microbiome is not well understood.

Recent studies showed that Nugent score was positively associated with BMI4o,41 and obesity has



also been associated with greater overall diversity and colonization by particular BV-associated
taxa.42 Previously it was found that obese women were less likely to be heavily colonized with
Candida.s Our data support the same conclusion, although using a much more sensitive detection
method. We found that regardless of race, obese women were more likely to have L.i.-dominant
than L.c.-dominant communities. Taken together with our finding that L.i.-dominant
communities were more likely than L.c.-dominant communities to harbor Candida, the data
suggest a more complex and multifactorial interaction that cannot be explained by the dominant
species of Lactobacillus present in the vagina. Further study is required to understand the
interplay between obesity, the microbiome and Candida colonization. Factors that could
contribute to this interplay may include disturbances in host metabolic, hormonal, and/or
immune function associated with obesity. A higher prevalence of menstrual irregularity in obese
women could also contribute to changes in the microbiome. Behaviors could also play a role, for
example, obese women may be more likely to engage in vaginal douching.4o0,41 Previous links
between the gut microbiome and obesity could also be involved, especially given findings that

the gut microbiome can be a reservoir of vaginal community members, 43 including Candida.

Supplemental Table 1: Characteristics of subjects of black race compared with those of

white race
Total
Characteristics Cohort |White Race |Black Race| P-value
Total Number of Subjects 255 135 (52.9) | 120 (47.1)
Age 0.3073
<20 28(11.0) | 12(8.9) | 16(13.3)




20t0 29| 178 (69.8) | 101 (74.8) | 77 (64.2)
30to 39 44(17.3) | 20(14.8) | 24(20.0)
40+ 5(2.0) 2 (1.5) 3(2.5)
Nugent-defined Vaginal Flora 0.420
BV| 44(17.3) | 21(15.6) | 23(19.2)
Intermediate| 109 (42.7) | 55 (40.7) | 54 (45.0)
Normal| 102 (40.0) | 59 (43.7) | 43(35.8)
Socioeconomic Status (SES) <0.0001
Not Low SES| 117 (45.9) | 82(60.7) | 35(29.2)
Low SES| 138 (54.1) | 53(39.3) | 85 (70.8)
Body Mass Index (kg/m2) 0.003
Underweight (< 18.5)] 15 (5.9) 9 (6.7) 6 (5.0)
Normal Weight (18.5 - 24.9)| 103 (40.4) | 68 (50.4) | 35(29.2)
Overweight (25 - 30)| 48 (18.8) | 22(16.3) | 26 (21.7)
Obese (> 30)| 78 (30.6) | 31(23.0) | 47(39.2)
Not Documented| 11 (4.3) 5(3.7) 6 (5.0)
Current Birth Control Method 0.108
Estrogen + Progestind 72 (28.2) | 42 (31.1) | 30 (25.0)
Progestiny| 12 (4.7) 3(2.2) 9 (7.5)
Non-Hormonale| 171 (67.1) | 90 (66.7) | 81 (67.5)
\Vaginal Douching in Last 180 Days <0.0001
Yes| 72(28.2) | 17(12.6) | 55 (45.8)




No| 182 (71.4) | 117 (86.7) | 65 (54.2)
Don't Know| 1(0.4) 1(0.7) 0(0.0)
Gravidity <0.0001

None| 91 (35.7) | 64 (47.4) | 27 (22.5)
1| 58(22.7) | 28(20.7) | 30(25.0)
2| 47(18.4) | 25(185) | 22(18.3)
3+ 59(23.1) | 18(13.3) | 41(34.2)

Community Type 0.004
L. crispatus-dominant| 52 (20.4) 37 (27.4) 15 (12.5)
L. gasseri-dominant, 3 (1.2) 1(0.7) 2 (1.7)
L. iners-dominant] 99 (38.8) | 43(31.9) | 56 (46.7)
Diverse| 98 (38.4) | 51 (37.8) | 47(39.2)
L. jensenii-dominant, 3 (1.2) 3(2.2) 0 (0.0)

Candida 0.042
Positive| 42 (16.5) | 16 (11.9) | 26 (21.7)
Negative| 213 (83.5) | 119 (88.1) | 94 (78.3)

Values are n (%). Fisher’s Exact Tests were used to determine p-values.

aWomen who reported the oral contraceptive pill or the birth control ring;

bVWWomen who reported the levonorgestrel-containing intrauterine device or

depot medroxyprogesterone acetate;

cWomen who reported condoms, rhythm/natural family planning, abstinence, withdrawal or

nothing.




Supplemental Table 2: Vaginal Candida colonization by race and community type

Characteristics Candida Positive | Candida Negative
Total Number of Subjects 42 (16.5) 213 (83.5)
Black Race 26 (21.7) 94 (78.3)
L. crispatus-dominant 2 (13.3) 13 (86.7)
L. gasseri-dominant 0(0.0) 2 (100.0)
L. iners-dominant 17 (30.4) 39 (69.6)
Diverse 7(14.9) 40 (85.1)
L. jensenii-dominant 0 (0.0) 0 (0.0)
White Race 16 (11.9) 119 (88.1)
L. crispatus dominant 3(8.1) 34 (91.9)
L. gasseri.-dominant 0(0.0) 1 (100.0)
L. iners dominant 6 (14.0) 37 (86.0)
Diverse 6 (11.8) 45 (88.2)
L. jensenii dominant 1(33.3) 2 (66.6)

Values are n (% of characteristic).

Supplemental Figure 1: Validation of Candida gPCR on 51 vaginal swab specimens



Fifty-one women were assessed for vaginal Candida colonization by culture and g°PCR. The mean
abundance and standard deviation of Candida DNA for each specimen are plotted. Culture positive
specimens are indicated by the black box. Twelve specimens were culture positive for Candida,
ten of which were also gPCR positive for Candida. The sensitivity of the qPCR diagnostic was

83.3% and the specificity was 100% for this set of samples.
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Normal Low SES
Obese Low SES
Overweight Not Low SES
Normal Not Low SES
Normal Low SES

Underweight Not Low SES
Underweight Not Low SES

Normal Not Low SES
Normal Low SES
Normal Not Low SES
Obese Low SES
Obese Not Low SES
Normal Low SES
Normal Not Low SES
Normal Low SES
Obese Low SES
Normal Not Low SES
Overweight Low SES
Obese Not Low SES

Overweight Low SES
Overweight Low SES

NA Not Low SES
Normal Not Low SES
Normal Not Low SES
Obese Not Low SES
Obese Not Low SES
Obese Low SES
Normal Not Low SES
Normal Low SES
Normal Not Low SES
Normal Low SES
NA Low SES

Overweight Not Low SES
Overweight Not Low SES
Normal Low SES

Overweisht | ow SFS

L. iners-domi Non-hormon:
L. iners-domi Estrogen + Pr
L. iners-domi Non-hormon:
L. iners-domi Non-hormoni
L. crispatus-d Non-hormon:
L. iners-domi Estrogen + Pr
L. iners-domi Estrogen + Pr
Diverse Non-hormoni
L. crispatus-d Non-hormon:
L. crispatus-d Non-hormon:
L. crispatus-d Estrogen + Pr
Diverse Estrogen + Pr
Diverse Estrogen + Pr
L. iners-domi Non-hormoni
L. iners-domi Non-hormon:
L. iners-domi Non-hormoni

Diverse Non-hormon:
Diverse Non-hormon:
Diverse Non-hormon:

L. jensenii-do Non-hormon:
L. crispatus-d Non-hormon:

Diverse Estrogen + Pr
Diverse Non-hormon;
Diverse Progestin

Diverse Non-hormon;
Diverse Estrogen + Pr

L. iners-domi Non-hormon:
Diverse Non-hormoni
Diverse Non-hormon;
L. crispatus-d Estrogen + Pr
L. gasseri-dor Non-hormon:
L. iners-domi Estrogen + Pr

Diverse Non-hormon;
Diverse Non-hormoni
Diverse Non-hormon;
Diverse Estrogen + Pr
Diverse Non-hormon;

L. iners-domi Non-hormon:

| crisnatiis-d Fetrooen + Pr

21
23
21
20
44
20
23
26
22
25
23
23
21
26
24
19
25
26
26
22
27
24
18
38
25
37
17
24
32
29
31
32
39
26
26
31
22
23
23

0 No
0 No
2 No
0 No
2 No
0 No
1 No
3 Yes
0 No
0 No
0 No
2 No
1 No
2 No
0 No
0 No
3 Yes
2 Yes
1 Yes
0 Yes
2 No
1 No
1 No
3 No
0 No
3 Unknown
0 No
1 Yes
2 Yes
1 Yes
1 No
3 No
2 No
0 Yes
2 No
2 Yes
0 No
1 No
0N No



YES_205
YES_206
YES_207
YES_208
YES_209
YES_210
YES_211
YES_212
YES_213
YES_214
YES_215
YES_216
YES_217
YES_218
YES_219
YES_220
YES_221
YES_222
YES_223
YES_224
YES_225
YES_226
YES_227
YES_228
YES_229
YES_230
YES_231
YES_232
YES_233
YES_234
YES_235
YES_236
YES_237
YES_238
YES_239
YES_240
YES_241

YES_242
YFS 243

Normal Positive
Normal Positive
Intermediate Negative
Normal Negative
Normal Negative
Intermediate Positive
Normal Negative
Normal Negative
Normal Positive
BV Negative
Normal Negative
BV Negative
Normal Negative
Intermediate Positive
Normal Negative
BV Negative
Intermediate Positive
Normal Negative

Intermediate Negative
Intermediate Negative

BV Negative
Normal Positive
Normal Negative

Intermediate Negative
Intermediate Positive

Normal Negative
Normal Negative
BV Negative
Normal Negative
Normal Negative
Normal Positive

Intermediate Negative
Intermediate Negative
Intermediate Negative
Intermediate Positive

Intermediate Negative
Intermediate Negative

Intermediate Negative
Intermediate Positive

Candida albic
Candida albic

Candida albic

Candida albic

Candida albic

Candida albic

Candida glabi

Candida albic

Candida albic

Candida albic

Candida alhir

42294.0128 White
62174.0822 Black
1.40141557 Black
0 White
6.47304481 White
806.516955 White
2.62901394 White
1.18513934 Black
706.047377 White
0 Black
0 White
0 Black
1.70115654 Black
143133.167 White
0 White
0 Black
707.844725 White
0 Black
0 Black
0 Black
0 White
726.484911 Black
0 Black
3.87273945 Black
447096.875 Black
0 White
0 Black
0 Black
0 White
0 Black
7528.63518 Black
5.86670172 Black
3.62933363 Black
0 Black
3332.48181 Black
0 Black
0.84273838 Black
0.44740179 Black
512147 994 Rlack

NA Not Low SES
Overweight Low SES
Obese Not Low SES
Normal Not Low SES
NA Low SES
Overweight Low SES
Normal Low SES
Overweight Not Low SES
Normal Low SES
Obese Low SES
Normal Low SES
Obese Low SES
Normal Not Low SES

Underweight Not Low SES
Overweight Low SES

Normal Low SES
Overweight Not Low SES
Obese Low SES

Overweight Not Low SES
Overweight Low SES

Obese Not Low SES
NA Low SES
Overweight Low SES
Normal Low SES
Overweight Not Low SES
Obese Low SES
Obese Low SES
Obese Not Low SES

Underweight Low SES
Underweight Low SES
Overweight Low SES

Obese Low SES
Normal Low SES
Obese Low SES
Normal Low SES
Obese Low SES
Obese Low SES
Obese Low SES

Overweisht | ow SFS

L. iners-domi Non-hormon:
L. iners-domi Non-hormon:
L. iners-domi Non-hormon:
L. iners-domi Estrogen + Pr
Diverse Non-hormon;
L. jensenii-do Non-hormon:
L. crispatus-d Non-hormon:
L. iners-domi Progestin

L. iners-domi Non-hormon:

Diverse Non-hormon:
L. iners-domi Non-hormon:
Diverse Non-hormon:

L. iners-domi Estrogen + Pr
L. iners-domi Non-hormoni
L. crispatus-d Estrogen + Pr
Diverse Non-hormon:
Diverse Estrogen + Pr
L. crispatus-d Progestin

Diverse Non-hormon;
L. iners-domi Estrogen + Pr
Diverse Non-hormon;
L. iners-domi Progestin

L. crispatus-d Non-hormon:

Diverse Non-hormoni
Diverse Non-hormon;
Diverse Non-hormoni
L. iners-domi Progestin

Diverse Non-hormoni

L. crispatus-d Non-hormon:
L. iners-domi Non-hormon:
L. iners-domi Estrogen + Pr
Diverse Non-hormoni
Diverse Non-hormon;
L. iners-domi Non-hormon:

Diverse Estrogen + Pr
Diverse Progestin
Diverse Non-hormon;

L. iners-domi Non-hormon:

I iners-domi Non-hormaon:

23
31
20
23
31
21
34
30
23
32
21
33
31
19
34
32
22
26
20
27
21
18
28
23
22
22
32
28
24
25
29
29
21
23
36
44
20
22
32

0 No
2 No
0 Yes
0 No
3 No
0 No
3 No
1 No
2 No
3 Yes
3 No
2 Yes
3 No
0 No
3 No
3 No
0 No
1 Yes
1 Yes
3 No
0 Yes
2 No
3 Yes
2 No
3 No
1 No
2 Yes
0 Yes
1 No
3 Yes
1 Yes
2 No
1 No
0 Yes
3 Yes
2 Yes
0 Yes
3 Yes
2 Nn



YES_246
YES_247
YES_248
YES_249
YES_250
YES_251
YES_252
YES_253
YES_254
YES_255

Intermediate Negative

Normal
BV

BV

Normal
Normal
Normal
Normal
Normal
Normal

Positive

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

Candida albic

2.46120436 Black
1048.67416 Black
0.51121459 White

0 White

0 Black
5.25077639 Black
0.66421679 Black

0 Black
181.228631 Black
5.38271329 Black

Obese Low SES
Normal Low SES
Obese Low SES
Obese Not Low SES
Obese Low SES
Normal Low SES
Obese Low SES
Underweight Not Low SES
Obese Low SES
Obese Low SES

Diverse

L.

Diverse
Diverse

L.
L.
L.
L.
L.
L.

Non-hormon;
iners-domi Non-hormoni
Estrogen + Pr
Non-hormoni
iners-domi Estrogen + Pr
iners-domi Estrogen + Pr
iners-domi Non-hormon;
crispatus-d Non-hormoni
iners-domi Non-hormon;
iners-domi Non-hormoni

17
31
32
25
41
26
20
19
37
21

0 No
3 Yes
0 No
0 No
3 Yes
0 Yes
0 Yes
2 Yes
3 No
1 Yes





